Intestinal movements in conscious, unrestrained guinea pigs were observed by telemetry through a force transducer sutured to the taenia caecum. Following administration of lipopolysaccharide (LPS) and cannabinoids, the muscle tension of the taenia caecum decreased dose-dependently. Body temperature decreased in parallel with decreases in tension. Decreases in both these variables were suppressed by pre-treatment with AM281, a cannabinoid CB1 receptor antagonist, but not with AM630, a CB2 receptor antagonist. Following LPS administration, endocannabinoid levels in guinea pig plasma were measured using LC/MS/MS analysis. One hour following LPS administration, 2-arachidonoylglycerol (2-AG) levels had increased significantly, while arachidonoylethanolamide (AEA) levels were below detection limits. For mice, post-LPS survival rates in the presence of AM281 increased. The fact that LPS-induced decrease in muscle tension in taenia caecum is suppressed and post-LPS survival rates improved following administration of a CB1 receptor antagonist, suggests that a signaling pathway associated with the CB1 receptor plays a role in the pharmacological effects of LPS. Increases in blood 2-AG levels one hour after LPS administration suggest regulation of physiological responses by the endocannabinoid system during endotoxicosis. (JJAAM 2005; 16: 218-26) 
Introduction
It is known that in vivo lipopolysaccharide (LPS) induces cytokine production, fever and hypotension, and plays a major role in the pathophysiology of sepsis caused by gram-negative bacteria. Regarding the underlying mechanism, it is thought that LPS activates macrophages and platelets to produce and release bioactive substances which mediate endotoxemia. Cytokines and nitric oxide LPS-induced increases in circulating endocannabinoid levels were first reported for a rat endotoxemia model. The study demonstrated that in LPS-induced endotoxic shock in rats, circulating levels of anandamide and 2-AG originating from macrophages and platelets increase, activating CB-receptors of blood vessels and lowering blood pressure9). The mechanism underlying elevation of anandamide levels was further hypothesized to involve Following administration of anandamide and 2-AG, body temperature decreased in near synchronization with decreases in intestinal tension (Fig. 2B) .
Effects of AM281 on decreases in intestinal muscle tone and body temperature
In guinea pigs receiving AM281 intraperitoneally 10 min before administration of LPS, decreases in intestinal tension by LPS were suppressed (Fig. 3B, 4A ). AM630, a cannabinoid CB2 receptor antagonist, had no effect on the decrease (Fig. 3C) . Neither AM281 nor AM630 had any effect on the muscle tension by itself (data not shown).
Similarly, decreases in body temperature induced by LPS were suppressed by AM281 (Fig. 3B, 4B) . AM630 had no effect on the decrease (Fig. 3C) . Neither AM281 nor AM630 had any effect on body temperature by itself (data not shown).
In experiments in which AM281 was administered 1 hour after LPS administration, decreases in intestinal tension and in body temperature induced by LPS were suppressed (Fig. 3D) .
Successive changes in blood concentrations of 2-AG and AEA after LPS administration
Guinea pig plasma concentrations of 2-AG and anandamide were measured using liquid chromatographyatmospheric pressure chemical ionization-mass spectrometry (LC-APCI-MS). Guinea pig plasma concentrations of 2-AG increased significantly 1 hour after LPS administration (Fig. 5) , while levels of AEA were below detection limits.
Effects of AM281 on survival rates following LPS administration LPS-associated mortality of mice receiving AM281 (1 mg/kg or 3mg/kg) 10min before LPS administration decreased dose-dependently (Fig. 6) 
Discussion
In conscious, unrestrained guinea pigs, intestinal tension and body temperature decreased immediately after intraperitoneal administration of the cannabinoids, AEA and 2-AG. That this observation closely resembled what was observed 2 to 3 hours after LPS administration suggested that an endocannabinoid-mediated pathway is involved in the mechanism of development of endotoxicosis. time lag (Fig. 1B) . The above finding suggested that following intraperitoneal administration of LPS, plasma level of 2-AG reached peak within 2hr of the administration (Fig. 5) , and there was time lag before the decrease in muscle tension reached peak approximately 160min after administration of LPS (Fig. 4B) . Platelets have been reported to be 2-AG producing cells9). It remains unclear, however, which signal transmission mechanism is involved in release of 2-AG following LPS administration. Our re- In addition, the signal transduction system involved in cannabinoid production after LPS binding has not been elucidated.
There are many reports on in vitro actions of cannabinoids on the digestive tract in which isolated intestinal tissues were used. Cannabinoids, through CB1 receptors16) in the gastrointestinal nerve plexus, suppress the release of contractile neurotransmitter and excitatory transmission17-21). An in vivo study also reported on cannabinoid-induced suppression of intestinal movement. Specifically in experiments on colonic transportation in mice, transportation of contents in the intestine principally by contraction of the circular muscles was suppressed by cannabinoids and involved CB1 receptors22). In a mouse paralytic ileus model produced by intraperitoneal administration of acetic acid, the density of CB1 receptors in the myenteric plexus and nerve bundles increased.
Anandamide levels in the small intestine also increased23), suggesting that endocannabinoids play a role in suppression of intestinal movement. In addition, Harada et al.21) demonstrated that, following administration of 2-AG, intestinal muscle tension in conscious guinea pigs decreases dose-dependently. The present study demonstrates that cannabinoids and LPS suppress tension of longitudinal muscles of guinea pig colon, and that the suppression is Norifumi Ninomiya, et al mediated by CB1 receptors. The present study also found that cannabinoids and LPS administered to the guinea pig induce hyperthermia, indicating that the reaction is mediated by CB1 receptors. It is known that the anterior nucleus of the hypothalamus plays an important role in temperature regulation24,25). A recent study using rats reported that intraperitoneal administration of WIN55212-2 induced hyperthermia in association with activation of CB1 receptors26). It remains unclear which functional sites are involved in temperature decreases following LPS administration.
In summary, decreases in intestinal tension and body temperature following LPS administration in conscious, unrestrained guinea pigs are inhibited significantly by pretreatment with a CB1 receptor antagonist. This finding suggests that decreases in intestinal tension and body temperature by LPS are mediated by CB1 receptors. Increases in post-LPS survival rates following administration of AM281 in mice, suggests the possibility that CB1 receptor antagonists could be used as therapeutic agents for endotoxicosis.
Although various therapeutic agents have been proposed for the treatment of sepsis27), no therapeutic agent has been established as being effective. The present in vivo experiments using guinea pigs, which have a sensitivity to LPS as high as humans do, demonstrate the possibility that endocannabinoids contribute to intestinal paralysis and decreases in body temperature at the early phase of sepsis. Further studies will be needed regarding application of cannabinoid receptor antagonists to the treatment of sepsis in emergency care.
